Cultures of 351 miscellaneous Gram-negative rods including 54 pseudomonads were tested for their capacity to break down arginine rapidly by Msller's qualitative technique, by a new qualitative method, and by a quantitative technique which uses standardized washed suspensions. All but 5 of the pseudomonads gave positive results by both qualitative techniques. Among the other organisms tested, positive results were given by Aeromonas strains, some Cloaca strains, some Salmonellas, and, in the case of the new qualitative technique, by 5 strains among other groups. With the quantitative technique 50 % of the rarginine was broken down in 2 hr. by all but one of the pseudomonads as compared with only four strains among the other groups. The arginine was broken down completely by 49 of the 54 pseudomonads, but by no other organisms. The ability to break down arginine rapidly is a useful taxonomic feature for pseudomonads and the qualitative tests may have practical value in the identification of strains which do not produce pigment.
The quditative method of M0Zh (1955) . Medium containing (wt.11.): Evans' peptone, 5 g.; Lab Lemco, 5 g.; pyridoxal, 0.005 g.; glucose, 0.5 g.; L-arginine monohydrochloride, 10 g. ; bromcresol purple, 0.01 g,, and cresol red, 0-005 g., adjusted to pH 6.0, was distributed in narrow tubes to give columns 2 cm. in height. After autoclaving (10 lb./sq.in. for 10 min.), the tubes were sealed with sterile liquid paraffin. A tube of this medium and a control without a r G e were inoculated with a straight wire from a nutrient agar culture. Organisms which produced acid from glucose under the conditions of the test rapidly turned the control tube yellow, and those which did not attack arginine also gave a yellow colour in the arginine-containing medium. With organisms, such as pseudomonads, which did not produce acid from glucose in Marller's medium, the control tube remained slate-grey in colour for the first 1-2 days, and sometimes became faintly mauve on further incubation. hginine breakdown was indicated by the appearance of a violet colour in the tube containing the test medium.
All tests on members of the Enterobacteriaceae were carried out only a t 37'; other organisms were tested a t 22' and also a t 87'. Tubes were examined daily for 5 days. A definite violet colour in the test medium with a yellow, slate-grey or faintly mauve colour in the control tube was taken as evidence of arginine breakdown. After incubation for 4 days the tubes were tested for ammonia with Nessler's reagent as described by Marller (1955).
The Manchester qualitative technique. The workers in the University Department of Bacteriology developed a qualitative test for arginine breakdown, using a medium modified from that described for urease tests by Christensen (1946) . It consisted of: peptone (Evans), 1.0 g.; NaCl, 5-0 g.; KH2P0, (anhydrous), 2.0 g.; phenol red, 2-5 ml. of a 0.4 yo (w/v) solution in water; distilled water to 1 litre. The pH value was adjusted to 6.8, and glucose (1.0 9.) and L-arginine monohydrochloride (10.0 g.) were added. The medium was distributed in 5 ml. amounts in 14 mm. diameter tubes, and autoclaved at 10 lb./sq. in. for 10 min. Two drops (c. 0.04 ml.) of a 24-hr. peptone water culture were inoculated into a tube of this medium and into a control without added arginine. The tubes were incubated for 24 hr., in most instances at On: Sat, 15 Dec 2018 15:29:29 Arginine breakdown by pseudomonads 391 37O, but tests on organisms with a lower optimum growth temperature were carried out a t 30' or 22", whichever was appropriate, The colour which developed after incubation was compared visually with that given by buffer solutions of pH 7-0, 7.4, 8-0 and 8.4 containing the same concentration of phenol red as the medium.
The duration of this test and the conditions to be used were determined after preliminary experiments had shown that many organisms, notably strains of Salmonella and Escherichia, produced an alkaline reaction when the time of incubation exceeded 24 hr. Others, such as Achromobacter anitratus (Bacferium anitraturn), would break down arginine under the relatively aerobic conditions obtaining on the surface of a sloped agar-containing medium, but not under the reducing conditions which developed in a deep fluid medium. Breakdown of arginine by pseudornonads, on the other hand, occurred under relatively anaerobic conditions and depended i n fluid media on sedimentation of organisms from the area of active growth at the surface. The conditions for mginine breakdown by these strains thus resembled those previously described for Pseudomonas viscosa (Sherris et al. 1957 ).
The quantitative arginase reaction. Since the results of the qualitative tests depended on the rate of growth in the test media as well as on the enzymic activity of the organisms, the ability of washed suspensions of organisms to break down arginine under defined conditions was investigated. The organisms investigated included those which gave a positive reaction in 24 hr. by Msller's technique, those which gave a colour change equivalent to p H 7 4 by the Manchester qualitative method, representative samples of each of the genera studied, and all strains of uncertain taxonomic position. Among the salmonellas, however, only the strains which showed the greatest activity against arginine by the Manchester technique were tested. These strains were all positive by Msller's method.
Suspensions were prepared in ~/ 3 0 Sorensen's phosphate buffer, pH 7.0, from overnight nutrient agar plate cultures. The organisms were washed once and resuspended to an opacity equivalent to Brown's tube No. 10 (equivalent to four times the International Standard of Opacity). Suspension (2 ml.) was mixed in 14 mm. diameter tubes with 2 ml. of mM-L-arginine monohydrochloride in ~/ 3 0 buffer, and incubated at 37' for 2 hr. A control tube with buffer in place of the arginine solution was treated similarly. Samples (1 ml.) were removed after incubation for 80 and 120 minutes and the organisms lysed by adding 1 ml. of ~N -N~O H .
The arginine present was estimated by adding the a-naphthol reagent of Rosenberg, Ennor & Morrison (1956) and measxhng the intensity of the colour formed in a Hilger 'Biochem' absorptiometer.
RESULTS
The distribution according to genera or groups of the 351 strains investigated, and the results obtained, are shown in Table 1 . The pseudornonads comprised : 28 strains of Pseudornolzas aeruginosa; 14 strains of P . Jluorescerzs; one strain each of P. graveolens, P . mucidolens, P . ovalis, P. polycobr, P. aeruginosa var. erythrogenes and P. viscosa ; 6 non-pigmented unclassified strains. A positive J . C. Sherris a d others result by Marlier's technique denotes the development of an alkaline reaction as shown by the production of a definite pH indicator change after 24 hr. incubation either a t 57" or a t 22". A positive result by the Manchester qualitative technique was taken as the development of a colour change equivalent to pH 8.0 or greater after 24 hr. incubation. A positive reaction by the quantitative technique was taken as the breakdown of over 5 0 % of the arginine in 2 hr. MaZler's technique. Tests by this method were positive with all but four of the pseudomonads, but with five strains of PsezcdomonasJtuorescms, one of P . graveolens and four of the unclassified strains, the positive results were only obtained a t 22'. Negative results were given by one strain of P.$uoresceras, by the strains of P , ouaZis and P . rnucidolem, and by one unclassified strain.
Among other genera and groups positive results were given by the four strains of Aeromonas, by the majority of salmonellas and by over half the strains of Cloaca.
The Munchester technique. By this method all but five of the pseudomonads were positive; those which gave negative results were one strain each of P$mdmnoruls amugimsa, P. $ w r e s c m , P. ovalis, P . mucidoleras and one unclassified strain, The strains of P . mginosa and P.jZuorescm gave positive results by Msller's method, but the other three were negative by both techniques.
Among other genera and groups positive results were similarly distributed to those given by Mnrller's method, except that the majority of salmonellas were negative and three strains of Achromobacter anitratus (Bacterium anitratum), and one each of Escherichia and of Alcaligenes were positive. The discrepancy between the results of the two qualitative techniques with salmonellas was only apparent after 24 hr. incubation. The majority of these strains produced an alkaline reaction in the medium used for the Manchester technique when incubation was prolonged for another day.
The quaditatiue technique. Among the pseudomonads all but one strain, Pseudomolzas mucidoh, broke down more than 50 % of the arginine in 2 hr.
Among other genera and groups, positive results were also given by two of the aeromonads, and by two strains in the Alcaligenes group. It is of interest that both the positive Alcaligenes strains were polar flagellate, whereas the two negative strains were peritrichate.
When complete breakdown of arginine under the conditions of test is taken as the dividing line between positive and negative results, the test becomes more specific, but less sensitive : $9 of the 54 pseudomonads were positive by this criterion, the exception being two strains of Pseudomonas jluorescens, and one strain each of P. aeruginosa, P. ovalis a d P . mzccidoleruf. None of the organisms from other genera and groups brought about complete arginine breakdown.
Unidentijed organisms. Ten strains gave negative results by the tests for arginine breakdown. Six of them were non-motile, non-pigment producing rods which were either non-fermenting or glucose-fermenting only. They were either negative or weakly positive by the oxidase and cytochrome-oxidase tests, and differed from pseudomonads in several of their other morphological, biochemical or cultural characteristics. They could not be assigned to the ' Mima ' or ' BacteTizlm anitratum ' groups, and their identity remains in doubt.
Two of the other unidentified strains were also non-motile and fermented a number of carbohydrates without the production of gas; one of them was penicillin sensitive and the other possessed a powerful urease. Once again it was not possible to allocate them with certainty to a particular genus on their general characteristics.
The remaining two unidentified strains were slim, polar flagellate, motile rods. The first produced a yellow non-diffusible pigment, was a facultative anaerobe, gave a negative result by Kovacs' oxidase test after 15 sec., was catalase-negative, and sensitive to Erythromycin. The second strain was nonfermenting, non-pigment producing, oxidase-negative at 15 sec., very weakly ' catalase-positive and Erythromycin sensitive. Both these strains resembled pseudomonads in their morphology and in some of their biochemical and cultural characteristics. The first of them, however, differed in a number of respects and cannot satisfactorily be included in the genus Pseudommas.
The taxonomic relationship of the second strain to Pseudomonas is closer, but the combination of poor catalase activity, negative Kovacs' oxidase reaction, and Erythromycin sensitivity set it apart from the other nonpigmented pseudomonads that we studied.
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DISCUSSION
The results presented here show that nearly all the pseudomonads tested were able to break down arginine more rapidly than most other Gram-negative rod-shaped organisms, and suggest that this characteristic may piove to be a useful differential feature, It is important to stress that the distinction between pseudomonads and some other bacteria, e.g. Escherichia, in this respect is essentially quantitative and that the specificity of the techniques we have described depends on careful attention to the conditions and duration of the tests.
The quantitative technique proved to be the most satisfactory, because the density of the bacterial suspension and the reaction and composition of the suspending medium could be controlled, while reducing conditions were rapidly established in the reaction mixture. The two qualitative techniques, on the other hand, although giving reasonably similar results, were influenced by a number of uncontrolled factors such as the rate and amount of growth of the organisms, the speed with which oxygen was consumed, and the occurrence of glucose fermentation. These variables account for the somewhat lower specificity of the qualitative tests in detecting those strains with the greatest activity against arginine.
No detailed studies were made to determine the route of breakdown of arginine by the organisms which gave positive results in our tests. It is known that bacteria may act on this substrate either by means of the arginine dihydrolase system (Hills, 1940;  Knivett, 1952; Slade & Slamp, 1952) or by means of a decarboxylase. In the dihydrolase system the end products of the breakdown of one molecule of arginine are one molecule of ornithine, two molecules of NH, and one of CO,. This leads to the development of an alkaline reaction and detectable concentrations of ammonia in lightly buffered argininecontaining media such as those used in our qualitative tests. An alkaline reaction may also result from the production of basic mines by decarboxylase activity, but Marller (1955) has shown that this change occurs slowly in his medium, and that a rapid indicator change and the production of NH, is the result of arginine dihydrolase activity. All the organisms in our series which gave a positive result a t 24 hr. by this technique also showed ammonia production, and thus appear to have possessed the arginine dihydrolase system. Added support for this conclusion has been provided by the direct demonstration of arginine dihydrolase activity in a pseudomonad by Slade, Doughty & Slamp (1954) and also in our strain of Pseudomonas viscosa (Shoesmith & Sherris, unpublished observation).
It is of interest that the four strains, other than pseudomonads, which broke down more than 5 0 % of the arginine in the quantitative test were polarly flagellate. The strains classified as Aeromonas (Kluyver & van Niel, 1936) come from a group of organisms which have. in the past, sometimes been included in the genus Pseudomonus (Bergey's Manual, 1948) Arginim breakdown by pseudomonads 395 produce 2 : 3-butanediol from glucose (Stanier, 1943; Miles & Miles, 1951) . Our observations show that they have another characteristic in common with pseudomonads in addition to being polarly flagellate. The two positive strains in the Alcaligenes group were also polarly flagellate, and thus conformed to the characteristics of Vibrio alkaligenes (see Nyberg, 1935) except that they did not now show any curvature of the rod, and presented few distinguishing features from non-pigment-producing pseudomonads. The possession of polar flagella was not, however, completely correlated with rapid arginine breakdown, as one strain of V. cholerae and two of the El Tor vibrio were quite inactive in this respect.
The identification of pseudomonads in practice may, as Gaby & Hadley (1957) have pointed out, present difficulties with strains not producing pigment. The tests for arginine breakdown that we have used may prove to have some practical value in identifying such strains. The qualitative techniques are simple to perform and a positive result after 24 hr. incubation with a strain which does not produce acid from any sugar, or only from glucose, strongly indicates that the organism is a pseudomonad. Of the two methods, that of Msller appears to be a little more specific than the Manchester technique in this respect. The quantitative test is the most specific, and, in our experience, complete arginine breakdown under the conditions described is produced only by members of the genus Pseudommas.
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